Material and Methods:
Between 2013 and 2014, 43 patients with low or intermediate risk prostate cancer were treated with 7-fraction SBRT in supine position, with implanted fiducial markers (FM), empty rectum and full bladder. To reduce organ motion, patients were premedicated with butylscopolamine and rectum gas was removed before the treatment. At each session pre-treatment kV/kV imaging was acquired to align the patient by matching the FM's, while additional CBCT imaging was performed after treatment delivery to assess the intra-fraction motion. The van Herk's formula was applied to calculate the PTV margins of prostate/seminal vescicles. To investigate the causes of organ motion, the bladder volume and the rectum wall distension were estimated from each CBCT with respect to the simulation CT images. Correlation between these anatomical factors and intrafraction PTV motion was assessed for each axis, as well as for the composite shift of the prostate volume. The treatment time elapsed from pretreatment kV/kV to post-treatment CBCT imaging was also included in the statistical analysis .
Results: 301 pre-treatment kV/kV images and 301 posttreatment CBCTs were analyzed. After daily IGRT correction, margins accounting for residual uncertainties are estimated 3 mm for AP, 3 mm for Longitudinal axis and 2 mm for Lateral intra-fraction motion. A systematic increase of bladder filling with respect to simulation images was observed; however, these changes did not influence the prostate displacement (p = 0.55) . Similarly, variations of the prostate position occurred independently from changes of the rectal distension (p = 0.32). A trend between internal prostate motion in the AP direction and elapsed treatment was observed (p = 0,057). Finally, a significant correlation was observed between the intrafraction composite shift of the prostate volume and the elapsed treatment time (p = 0,036).
Conclusion:
Our data suggest a good control of intrafraction motion with butylscopolamine medication and by careful emptying of the rectum before treatment. The prostate intrafraction motion is shown to be dependent on elapsed treatment time. In conclusion, in image-guided SBRT with online correction, PTV margins can be kept in the range of 3 mm provided that the elapsed treatment time is kept as low as possible. Purpose or Objective: Respiratory tumor motion enlarges the intra-fractional tumor position uncertainty. These uncertainties result in increased treatment volumes (PTV) and hence higher radiation dose to organs at risk (OAR). Also interplay effects between the moving target and dynamic treatment delivery have to be considered. Motionmanagement techniques (MMT) aim to reduce or deal with this intra-fractional respiratory tumor motion in the following ways: The internal target volume (ITV) concept with a PTV enclosing the whole tumor motion, the mid-ventilation (MidV) principle with probabilistic tumor margins, respiratory gating of the irradiation beam and treatment couch tracking with real-time compensation of the internal tumor motion. Dosimetric performances of these four techniques were investigated with film measurements in a sophisticated lung phantom.
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Material and Methods:
The anthropomorphic, deformable and dynamic lung phantom LuCa (CSEM and PSI) was operated with 5 different respiration patterns with 10 to 20 mm internal tumor motion amplitude. 4DCT scans were taken and individual SBRT treatment plans were prepared, adapting the PTV according to the four MMT (ITV, MidV, gating, tracking) and five respiration patterns. A dose of 8x6 Gy was prescribed to the 65%-isodose line enclosing the PTV using VMAT stereotactic treatment planning. The phantom was irradiated with all individual treatment plans using the corresponding respiration pattern and MMT, together with static measurements. The internal tumor motion was ________________________________________________________________________________ monitored with Calypso (Varian) for gating and tracking treatments, and compensated with the PerfectPitch couch (Varian) for tracking. The dose in the moving tumor was measured with Gafchromic EBT2 (ISP) films. Changes in homogeneity indices (ΔH1-99) between the films and the planned dose distributions and their gamma agreement scores using 3%/3mm (GS3%/3mm) were evaluated. The film areas receiving more than the planned minimum dose (A>Dmin) were calculated. OAR doses from the treatment plans were compared.
Results:
The results for each MMT are summarized in Table 1 , giving the median values with 25% and 75% percentiles over the five measurements with different respiration patterns. All techniques achieved a good coverage of the tumor. Median values for A>Dmin were above 99% for all techniques and ITV and MidV concepts showed lower gamma agreement scores (median: 88.9% and 87.7%) compared to gating and tracking (94.2% and 94.8%). For ITV and MidV concepts larger increases in inhomogeneity were found (median: 4.3 and 5.6 percentage points respectively) than for gating and tracking (2.8 and 2.3). Gating and tracking were able to reduce OAR dose in all cases, when compared to ITV concept.
Conclusion:
Tracking and gating showed a superior agreement with the planned dose distribution and at the same time reduced the dose to OAR in comparison to the passive motion management techniques.
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Real-time 4D ultrasound tracking of liver and kidney targets for external-beam radiotherapy D.S.K. Sihono Purpose or Objective: Hypofractionated SBRT is an effective low-toxic therapy option for liver metastases. In our department, liver SBRT is performed in DIBH with ABC (Active Breathing coordinator) and image-guidance with breath-hold CBCT. For additional monitoring of the movable target and/or surrogate structures, an ultrasound-based tracking system has been developed. We evaluated the feasibility and the accuracy of this system on a motion phantom and healthy volunteers.
Material and Methods:
The tracking accuracy of a 4D ultrasound system (Clarity Anticosti, Elekta, Sweden) was evaluated using an ultrasound phantom (BAT, Nomos) and a motion platform (CIRS, USA) with different settings to obtain optimal parameters to track structures moving with respiration. An initial evaluation was performed with 5 healthy volunteers to assess the performance in a quasiclinical setting. An ultrasound dataset was acquired in ABCbased breath hold (breath hold time 20 sec, free breathing phases of 5-6 breathing cycles). Tracked structures were renal pelvis as a centroid structure and a portal vein/liver vein as a non-centroid structure. The scanning range of the ultrasound probe was varied. The motion component in superior-inferior direction was compared with the motion of an external marker on the body surface and the data from ABC.
Results: a) Phantom data: The tracking accuracy increased with decreasing scanning range. For a cycle time (sinusoidal motion) of 10 s and an amplitude of 10 mm, the mean and standard deviation of differences between the measured and the reference position values were 0.57 + 0.48 mm and 0.31 + 0.20 mm in 15° and 5° scanning range respectively,while for a cycle time of 5 s were 1.33 + 1.20 mm and 0.34 + 0.25 mm for 8° and 4° scanning range respectively. For a fixed scanning range, the accuracy of ultrasound tracking decreased with a decrease of cycle times. b) Volunteer data: The system's tracking success rate was 90.77% of all breath-hold phases.The renal pelvis tracking success rate was 95.42%, while 86.79% for portal vein.A compromise between scanning range and cycle times had to be established depending on target. A working scanning range was between 10°-40°. For angles <10°there is a higher risk that the target is sometimes outside the ultrasound. This will lead to a reduced tracking success rate. Tracking curves (SI direction)were in good accordance with breathing curves of ABC and a fiducial placed on the infradiaphragmatic abdominal wall.
Conclusion:
The ultrasound system showed good performance on a motion phantom and healthy volunteers. A positioning setup that provides good ultrasound visual over a long period in clinical environment could be established. Further improvement of the tracking algorithm could improve accuracy along with respiratory motion if using large scanning angles for detection of high-amplitude motion and non-linear transformations of the tracking target. 
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Material and Methods:
The accuracy of the tracking of the TP-US (Clarity®, Elekta, Stockholm, Sweden) probe was first investigated by comparing the measured positions of a target volume in a phantom with the Clarity device and the simultaneous use of a transmitter based positioning device (RayPilot, Micropos Medical, Sweden). Then intra-fraction motions measured with the TP-US were analyzed for 13 prostate patients (426 sessions) and 14 post-prostatectomy patients (438 sessions). The fraction of time that the target volume was displaced by more than 3 and 5 mm was calculated for tracking times ranging between 60-420s, for each session and each patient. The mean displacements were also calculated for each direction. Percentages of sessions for which thresholds of 3 mm and 5 mm were exceeded during 15 s and 30 s in each direction were determined.
Results:
Differences between TP-US and transmitter based devices were below 1.5 mm for all directions. The observed motions were patients and sessions dependent and increased with the treatment time. During the first minute, 3D displacements above 3 mm were seen 5% and 1.9% of the time, for prostate and post-prostatectomy patients, respectively while they reached 38% and 10.8% of the time after 7 min of treatment. Maximum 3D displacements above 5 mm were observed after 7 min 11.6% and 1.6% of the time for prostate and post-prostatectomy patients, respectively. Mean displacements in AP, SI and LR directions were -0.9±0.8mm, 0.9±0.8mm and -0.3±0.5mm for prostate patients and -0.9±0.5mm, 0.2±0.4mm and 0.1±0.4mm for postprostatectomy patients. The maximum percentage of sessions for which the prostate and post-prostatectomy volumes exceeded the 3 mm tracking limits for at least 15 s was observed in the AP direction (Table 1) . Conversely, minimum
